MATERIALS AND METHODS

Materials
Authentic calcium bilirubinate was prepared from a commercial crystalline bilirubin (Daiichi Pure Chemicals) by the previously described method. 4 For the interference test, cholesterol, palmitic acid and desoxycholic acid of analytical grade were used without further purification. The specimens of the gallstone were obtained surgically in our department and utilized after being dried in vacuo to constant weight. Throughout the spectroscopy in this study, the chart speed and other experimental conditions were fixed unchanged. For calculating the absorbance, the 0% transmittance line was determined by shutting the transmitted beam, and the 100% transmittance line by the base-line method. As an example, Fig. 1 shows the method of obtaining the line of 100% transmittance for evaluation of the absorptivity at 1,624 cm-1. A straight line was drawn tangentially to an absorption minimum in 1,750-1,800 cm-1 and another at 1,485cm-1 of the spectrum of calcium bilirubinate, which served as the base line in this area. thickness of the disk.' In order to determine the adequate grinding time for the sample-KBr mixture, a 0.421% mixture of authentic calcium bilirubinate in potassium bromide was divided into several portions, and they were ground in a mortar for different periods of time. Of these samples, the ones that were prepared by grinding for less than 5 minutes showed unsatisfactory homogeneity even on gross inspection, so these were excluded from further consideration. The other samples, ground 5 minutes or more, were processed into the disks, and their absorptivities were measured at 1,624 cm-1 and converted to the percentage of calcium bilirubinate by means of the calibration curve mentioned later. The result is shown in Fig. 2 . In samples ground 10 minutes or more, the spectroscopi cally determined values were in the range between 0.42% and 0.44%, and agreed well with the theoretical percentage 0.421, indicating that a good reproducibility can be expected when the mixture is ground for at least 10 minutes. Accordingly, the grinding time was fixed at 10 minutes in the present experiments.
The uniformity of the thickness of KBr-disks was checked indirectly by weighing the disks. Ten parts of potassium bromide, each weighing 100 mg, were pressed to form disks, by the above-mentioned technique and weighed again. As shown in Table 1 , it was found that the preparation of the disk was associated 2) Selection of the key band
In order that an absorption band would be eligible for the key band in quan- Figs. 3-6. Beer-Lambert's law curves for calcium bilirubinate in potassium bromide. Figs. 3-6. Beer-Lambert's law curves for calcium bilirubinate in potassium bromide.
titative determination of a compound, the band must meet several important requirements. First, it must be characteristic of this compound . Secondly, it must have an intensity enough for measurement of the absorptivity . Finally, it must not be influenced by the substances which may appear in the sample along with the aimed compound. Four principal absorption bands of calcium bilirubinate
(1,667, 1,624, 1,571 and 1,248 cm-1) were chosen as candidates for the key band and examined for the above requirements. As reported previously, these bands show good intensities which by customary denotation may be expressed as very Table 2 ). B shows the spectrum of a genuine pigmented calcium stone for comparison. Table 2 at 1,248cm-1.
There is a significant deviation of the measurements from the Beer-Lambert's law curve prepared with one-component specimens. Fig. 9 . Absorbance of the multicomponent samples of When examined with a series of KBr-disks containing authentic calcium bilirubinate at varying concentrations, each of the above absorptions showed satisfactory adherence to Beer-Lambert's law in the range 0-0 .05% (Figs. 3-6) . Table 2 shows the composi tions of these samples, and Fig. 7 gives the spectrum of one of them . On spectroscopy of these samples, it was found that the absorptions at 1 ,667, 1,571 and 1,248cm-1 were influenced by the presence of other gallstone components to such significant extent as to make the use of these bands unjustifiable . For example, Fig. 8 represents the result with the 1,248cm-1 band. The plots of the absorbance against the concentration of calcium bilirubinate displayed significant deviations, toward higher absorptivities, from the regression line prepared on the basis of the one-component system. On the other hand, as shown in Fig. 9 , the measurements at 1,624cm-1 were found to distribute uniformly around the regression line showing little deviations. On the basis of these experimental results, the 1,624cm-1 band was finally chosen as the key band.
3) Determination of the calibration curve
As mentioned above, the linear regression of the absorbance at 1,624cm-1 against the concentration of calcium bilirubinate in potassium bromide is expressed by the formula y=1.657x+0.009, and this seems to hold also for multicomponent systems containing other ingredients of the gallstone. In order further to determine if this equation can be used in practice as the calibration curve, the concentrations of calcium bilirubinate in the samples given in Table 2 were spectroscopically estimated using this formula and examined by the method of Youden9 for their accordance with the theoretical values. The result is given in Table 3 . The 15 sets of the data gave the relation of y=1.0lx-0.36, where x stands for the theoretical and y for the measured percentage of calcium bilirubinate. Statistical analysis showed that the slope 1.01 and the intercept -0.36 could not be regarded as significantly deviating from unity and zero, respectively, at a level of significane of 5 per cent. In other words the null hypothesis that the experimental relation y=1.0lx-0.36 is a sample of the population with the theoretical relation y=x was not rejected at this level of significance. Hence, the above-mentioned equation y=1.657x+0.009 was accepted as the calibration curve for calcium bilirubinate in the gallstone. 
4) Comparison with the chemical analysis
In chemical analyses of gallstones for calcium bilirubinate, the material is treated with hydrochloric acid, and calcium bilirubinate measured as free bilirubin. In this case, there are two different views as regards recovery of the liberated bilirubin; some consider that bilirubin is totally recovered in the extract of the HCl -treated material with chloroform , while others claim that bilirubin partly escapes the chloroform extraction and this portion may be recovered by reextraction of the residue with dilute ammonia. Thus, the chemically determined value of the bilirubin content in the gallstone differs according to which view is accepted. In the present experiments both of these two methods were accom plished to provide the controls for the spectroscopic determination. A total of 10 specimens of pigmented calcium stones and cholesterol stones were chemically analyzed, and their bilirubin contents were given in the above two series, one including and the other excluding the extract with 5% ammonia. With small aliquots of these specimens, on the other hand, spectroscopic determinations of calcium bilirubinate were performed by the above-mentioned method using the 1,624cm-1 band, and the values converted to the concentrations of bilirubin.
The results of the comparative study are shown in Fig. 10 and Table 4 . In all Table 4 . Open circles with a broken regression line are for the chemical value y determined with the chloroform extract, and closed circles with a solid regression line for the value z determined with the chloroform and the 5% ammonia extracts.
The light straight line drawn diagonally indicates the theoretical relations y=x and z=x. but two of the 10 specimens, the spectroscopic value (x) fell in between the chemical value excluding the 5% ammonia extract (y) and that including the latter (z), thus y<x<z.
Statistical analyses have shown that the spectroscopic value x cannot be regarded as consistent with either one of these two kinds of chemical values y and z. Namely, as shown in Fig. 10 , the regression of y over x, y=0.837x-0.820, and that of z over x, z=1.147x+1.032, were both significantly different from the theoretical relations y=x and z=x, respectively, at a probability of 5 per cent. However, there were significant positive correlations of the proportional pattern between the spectroscopic values and the chemical ones, the coefficient of correlation being +0.94 for y vs. x and +0.99 for z vs. x. These experimental facts seem to imply the reliability of the spectroscopic meth od of analysis.
DISCUSSION
Among the techniques of infrared spectroscopy which may be applicable to the quantitative analysis of the gallstone, the nujol method has a disadvantage that the sample concentration cannot be readily calculated from the absorptivity because of a difficulty to define the thickness of the material. The ratio method was devised to overcome this disadvantage, but this is too com plic?ted to be useful in practice. Therefore, I have chosen the KBr-disk method for the present purpose to determine calcium bilirubinate in the gallstone. The usefulness of the KBr-disk method in analytical chemistry has been shown on a variety of compounds,',10 although this method is generally considered to be inferior to the solution methods in the accuracy of analysis. Of various absorptions characteristic of calcium bilirubinate, the one at 1,624cm-1, which is due to vC=C of pyrrole nuclei,3 was chosen as the key band for the quantitative analysis. It was confirmed that the absorbance at this wave number, as determined by the base-line method, adhered perfectly to Beer-Lambert's law in the range from 0 to 0.50% of the concentration of authentic calcium bilirubinate in potassium bromide. The Beer-Lambert's law curve in this case was not significantly influenced by other ingredients of the gallstone. Subsequent to these preliminary examinations, the method was applied to specimens of gallstones obtained by surgery, and the results compared with the results of chemical analyses of the same specimens. As mentioned above, however, the chemical method of determining calcium bilirubinate in the gallstone is not yet unequivocal, opinions diverging as to the interpretation of the 5% ammonia extract following extraction of the HCl-treated material with chloroform. Nishimura8 claims that both the chloroform and the dilute ammonia extracts must be measured for bilirubin to provide the total bilirubin content as the sum of these values, whereas Sato13 thinks that the 5% ammonia extract, showing a positive pentdyopent reaction, may partly consist of decomposed, dipyrrole compounds that must not be included in the assay of bilirubin. Thus, in the chemical analysis of calcium bilirubinate in the gallstone, two different data are available according to whether or not the 5% ammonia extract is taken into consideration. In analyses of a total of 10 gallstone specimens, the spectroscopi cally determined bilirubin content was found to be in between these two kinds of chemical data, showing satisfactory proportionality with both of them. If we are allowed to assume that the chemical value based exclusively on the chloroform extract represents the smallest estimate and the value including the 5% ammonia extract the largest estimate of the `true' bilirubin content, the reliability of the spectroscopic method may thus be unquestionable. 
